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Abstract
In this report, the evolution of PM2.5 concentration at Escuelas Aguirre
monitoring station during the quarters of 2019 and the significance of the
differences with the concentration of the quarters of previous years is anal-
ysed. These periods include the activation of Madrid Central, which is a
major initiative for reducing motor traffic and the associated pollution at the
city centre. These periods correspond to the initialisation of, 2019Q1; and
to tree fully-operational quarters of Madrid Central, 2019Q2, 2019Q3 and
2019Q4. Escuelas Aguirre monitoring station is not inside Madrid Central
but 2 km away. The analysis of the PM2.5 concentration at this station
allows discerning the rise of negative effects due to an increment of the mo-
tor traffic around the traffic restricted area. The analysis is based on the
Binomial Sign Test for a Single Sample. The sample of signs is generated by
subtracting the daily mean concentration of PM2.5 for the measurements of
the period of two years: 20xx and 2019. Samples for the pair-wise compar-
isons for the year 2019 versus the years of the periods from 2010 to 2018 are
evaluated. An excess of positive or negative sign indicates that the differ-
ences between the measurements of concentrations in the comparison of two
years are significant. Conversely, a balanced number of positive and negative
signs points to no impact of the action. Since wind is an efficient pollution
remover, the Binomial Sign Test is also applied to its intensity in the two-
periods comparison. This allows discerning if the pollution reduction could
be associated to a larger number of windy days in the 2019 quarter under
comparison.
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1. Introduction
Air pollution is one of the most critical health issue in urban areas. The
scientific literature shows its relation with the population health [3–6]. For
this reason, cities are implementing motor traffic restriction to the most
pollutant vehicles in the centre of their central areas. Madrid city council
has implemented Madrid Central by enlarging a previous area restricted
to motor traffic at the centre of Madrid. Although this restriction was active
at the beginning of 2019, only at begigning of 2019Q2 was fully operational.
In the current report the impact on the PM2.5 concentration at Escuelas
Aguirre monitoring station of Madrid Central implementation is analysed.
This station is outside of Madrid Central, 2 km away from the single mon-
itoring station inside Madrid Central, Plaza del Carmen. Unfortunately
Plaza del Carmen does not measure PM2.5 concentration.
The analysis of PM2.5 concentration at Escuelas Aguirre monitoring sta-
tion will allow discerning negative effect due an potential increment of motor
traffic around Madrid Central area. The periods evaluated include the
three first quarters of the years from 2010 to 2019. Thus the three quarters
where Madrid Central is fully operative, 2019Q2, 2019Q3 and 2019Q4, are
included in the study.
Samples for the pair-wise comparisons for the year 2019Q1, 2019Q2,
2019Q3 and 2019Q4 versus the years of the periods from 2010 to 2018 are
evaluated (Eq. 1). An excess of positive or negative sign indicates that the
differences between the measurements of concentrations in the comparison
of two years are significant; whereas a balanced distribution of signs points
to no impact. The impact is evaluated through the Binomial Sign Test for a
Single Sample.
[2010− 01− 01]− [2019− 01− 01] > 0 := +
[2010− 01− 02]− [2019− 01− 02] < 0 := −
[2010− 01− 03]− [2019− 01− 03] < 0 := −
[2010− 01− 04]− [2019− 01− 04] > 0 := +
...
[2010− 31− 03]− [2019− 31− 03] < 0 := − (1)
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2. Methods and Materials
2.1. The Binomial Sign Test for a Single Sample
The Binomial Sign Test for a Single Sample is based on the binomial
distribution (Eq. 2)[1]. It assumes that any observation can be classified in
one of the two mutually exclusive categories with probabilities pi1 and pi2.
The evaluated hypothesis is if the proportion of the two categories are equal
to a specific value, usually if they are equal.
P (x) =
n!
x!(n− x)!
pix
1
pin−x
2
(2)
where pi1 + pi2 = 1, and therefore, pi2 = 1 − pi1; n is the sample size or the
number of observations, and x is the number of positive signs (n − x is the
number of negative signs).
The Null Hypothesis assumes that the true proportion of observations in
any of the two categories are equal to 0.5, H0 : pi1 = 0.5. Conversely, the
(two-tailed) Alternative Hypothesis assumes that this is not true:
H0 : pi1 6= 0.5.
In the current work the two categories correspond to the sign of the
differences when subtracting the daily mean concentration of NO2 for two
years: 20xx-2019. Each sample includes the total daily mean values for Q1,
90 days; or 91 days for Q2. The test is repeated for each possible pair of
years from 2010 to 2018 versus 2019. Thus, if daily mean values of Q1 for
2019 are significant lower than the year of comparison, then an excess of
positive differences are obtained, pi1 >> 0.5. Conversely if the daily mean
values of 2019 are significant larger than the year of comparison, then the
excess corresponds to negative differences, pi1 << 0.5. Finally, if the two
years involved in the comparison behave similarly, then the probability of
positive signs and negative signs wil be similar and close to 0.5.
The computation of the confidence interval for pi1 is executed with the
equation 3.
p1 − zα/2
√
p1p2
n
≤ pi1 ≤ p1 + zα/2
√
p1p2
n
(3)
where p1 and p2 are the proportion of positive and negative differences. For
a confidence interval of 95%, it must be computed with equation 4.
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p1 − 1.96 ·
√
p1p2
n
≤ pi1 ≤ p1 + 1.96 ·
√
p1p2
n
(4)
When the interval does include the value 0.5, it will mean that the differ-
ences are not significant for a confidence level of 95% (p-value under 0.05). In
this case, the Null Hypothesis can not be rejected, and therefore, no impact
can be attributed to the actuation.
The Binomial Sign Test for a Single Sample has been implemented in R
with package MASS [2]. It allows compute the confidence interval for pi1.
This methodology is applied not only to the PM2.5 concentration mea-
sured at Escuelas Aguirre monitoring station, but also to the wind velocity
measured at Madrid Airport by AEMET. Wind is an efficient pollution re-
mover and for this reason its presence is also evaluated. This allows discerning
if the reduction of the pollution is due to a reduction of the emission or due
to the presence of more windy days in the period analysed.
3. Results and Discussion
In Fig. 1, the mean daily concentration of PM2.5 for the periods 2019Q1,
2019Q2, 2019Q3 and 2019Q4 at Escuelas Aguirre are shown. As can be
observed, measurements for the quarters of 2019 are similar to previous years,
with slight higher values for the observartions of period 2019Q1 (Fig. 1(a)),
and a smooth tend to lower values for the periods 2019Q2 (Fig. 1(b)), 2019Q3
(Fig. 1(c)), and 2019Q4 (Fig. 1(d)).
In Fig. 2(a) the confidence interval of pi1 for the pair-wise comparisons of
2019Q1 are shown. As can be appreciated, in most of the cases the differences
are significant for a confidence level of 95% (p-value under 0.05), being the
observations of 2019Q1 significantly worse than the observations of the years:
2010, 2013, 2014, 2015, 2016, and 2018; therefore, the concentration values
are significantly higher in 2019Q1 than in the corresponding comparison.
This means that the differences are unlikely to have occurred by chance with
a probability of 95%. Conversely, the differences with the observations of
years: 2011, 2012 and 2017 are not significant.
For the period 2019Q2 (Fig. 2(b)), the confidence intervals of pi1 indicate
that most the differences are significant for a confidence level of 95% (p-value
under 0.05), being the observations of 2019Q2 lower than the observations
of the years in the period from 2010 to 2015, and 2017. Conversely, the
4
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(d) 2019Q4
Figure 1: Boxplot with the mean daily concentration of PM2.5 for the periods 2019Q1 (Fig. 1(a)), 2019Q2 (Fig. 1(b)), 2019Q3
(Fig. 1(c)), and 2019Q4 (Fig. 1(d)) at Escuelas Aguirre monitoring station. Red horizontal line shows the median of the
values for the period 2010-2019.
5
differences are not significant for a confidence level of 95% for the pair-wise
comparisons with the years: 2016 and 2018.
Regarding the period 2019Q3 (Fig. 2(c)), four pair-wise comparisons
are not significant for a confidence level of 95% (p-value under 0.05), those
corresponding to years from 2014 to 2017; whereas for the years from 2010 to
2013, and the year 2018 the differences are significant for a confidence level
of 95% (p-value under 0.05), which means that the differences are unlikely
to have occurred by chance with a probability of 95%. The concentration of
PM2.5 for this period is significant lower than the mentioned years.
Finally for the period 2019Q4 (Fig. 2(d)), seven pair-wise comparisons
are significant for a confidence level of 95% (p-value under 0.05), therefore,
concentration values for 2019Q4 are lower than the concentration values of
years in the periods from 2010 to 2016. Only the pair-wise comparisons
corresponding to the comparisons with years 2017 and 2018 are not significant
for a confidence level of 95%.
A major remover of air pollution in large urban areas is the wind. There-
fore, it must be ascertained if the reduction of PM2.5 observed in pair-wise
comparisons for periods 2019Q2, 2019Q3 and 2019Q4 are due to a reduc-
tion of emissions or due to more windy days in these periods in comparison
with the previous years. For this purpose, the binomial sign test for a single
sample can also be used, but analysing the wind velocity observations.
The pair-wise comparisons are undertaken following the schema of Eq.
1 by using the wind velocity provided by AEMET. More windy days in
the periods 2019Q2, 2019Q3 and 2019Q4 lead to quarantine the reduction
of PM2.5 concentration in Escuelas Aguirre monitoring station due to a
positive frontier effect of Madrid Central. Oppositely, when the differences
in the wind velocity observations do not show significant differences or the
significant differences are in favour of less windy days in the periods 2019Q2,
2019Q3 and 2019Q4, a positive reduction of PM2.5 concentration in Escuelas
Aguirre monitoring station can be claimed.
In Figs. 3(b), 3(c) and 3(d), the confidence intervals of pi1 for the pair-
wise comparisons of the wind velocity observations are shown. For the period
2019Q2 (Fig. 3(b)), no significant differences are shown for the pair-wise
comparisons with the years: 2010, 2012, 2013, 2015 and 2016; and as a
consequence, a positive reduction of PM2.5 concentration not associated to
more windy days for the years 2010, 2012, 2013, and 2015 can be claimed
(Fig. 2(b)).
The previous analysis for the period 2019Q3 indicates that differences in
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Figure 2: Confidence intervals for the pair-wise comparisons of PM2.5 concentration with
binomial sign test for a single sample for Escuelas Aguirre monitoring station.
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the pair-wise comparisons for windy days are not significant for any compari-
son (Fig. 3(c)). Therefore, all the positive reductions of PM2.5 concentration
in Escuelas Aguirre monitoring station can be claimed (Fig. 2(c)).
Except for the years: 2010, 2012 and 2013, in the fourth quarter of 2019,
the days have been significantly more windy in most of the years compar-
isons (Fig. 3(d)). Consequently from the positive reductions in the PM2.5
concentration observed in most of the comparisons with 201Q4 period (Fig.
2(d)) only those observed for the years 2010, 2012 and 2013 can be claimed
as not linked to more windy days in 2019Q4.
For the periods 2019Q2, 2019Q3 and 2019Q4, 12 positive pair-wise com-
parisons —in favour of a reduction of PM2.5 not related with more windy
days— can be claimed from a total of 27 comparisons.
The previous analysis can be also applied to the period 2019Q1, when
Madrid Central was not fully operational. The pair-wise comparisons for
the windy velocity observations indicate that the differences are not signifi-
cant for the years: 2010, 2011, 2012, 2014, 2015 and 2017 (Fig. 3(a)).
The comparisons between 2019 and the years 2010, 2014 and 2015, in-
dicate that the PM2.5 concentration is significant worse —in 2019— than
those years, without worse meteorological conditions (Fig. 2(a)). As can be
appreciated, a change in the tendency is observed from 2019Q1 to 2019Q2
in coincidence with the Madrid Central activation.
4. Conclusions
In this report the evolution of the PM2.5 concentration in Escuelas Aguirre
monitoring station after the activation of Madrid Central —a restricted
motor-traffic area— is analysed. The PM2.5 concentration for the quarters
of 2019 in comparison with their equivalent periods of the years from 2010
to 2018 is included in the analysis. For this purpose, the Binomial Sign Test
for a Single Sample has been used. Escuelas Aguirre monitoring station is
outside the restricted motor-traffic area, at 2 km of the border. The con-
tribution of the windy days as an efficient pollution remover has been also
considered in the study. From the analysis it can rejected any increment of
the PM2.5 concentration due the activation of Madrid Central, even if the
positive effect of windy days is considered.
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Figure 3: Confidence intervals for the pair-wise comparisons wind velocity at Madrid
Airport with binomial sign test.
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